Introduction
============

The continuous improvement of the standard of living have led to an increase in the number of overweight and obese children in China, and according to statistics, China\'s overweight and obese children in 2015 increased to 5 million ([@b1-etm-0-0-3663]). The phenomenon of precocious puberty caused by obesity has already aroused the concern of endocrine and nutrition experts, who suggest that the energy regulation disorder caused by obesity disrupts the regulatory pathway of normal gonadal development ([@b1-etm-0-0-3663],[@b2-etm-0-0-3663]). The two have a common neuroendocrine regulation factor and high-molecular weight (HMW)-adiponectin may play a key role as the 'bridge' ([@b2-etm-0-0-3663]). A related study suggested that obesity can cause the body to experience an insulin resistance phenomenon, reduce the use of sugar, fat, protein and other substances, leading to an insufficient energy supply, increasing the body\'s intake of more nutrients and energy, forming a vicious circle ([@b3-etm-0-0-3663]).

The specific mechanism underlying sexual precocity in obese children is not very clear and the effects of obesity between boys and girls are not exactly the same, and may even be opposite ([@b4-etm-0-0-3663]). Furthermore, the molecular basis of insulin resistance in obesity remains to be elucidated. However, whether there is a common substance between sexual maturity and insulin resistance remains to be determined. The aim of the study was to examine the association between sexual precocity and high-molecular weight (HMW)-adiponectin and investigate the correlation of insulin resistance and estrogen levels in obese children. The results showed that, sexual precocity of obese children may be associated with insulin resistance, and the link may be HMW-adiponectin.

Materials and methods
=====================

### Materials

A total of 60 obese children (30 boys and 30 girls) diagnosed with sexual precocity at the Children\'s Hospital Affiliated to Soochow University between October, 2012 and October, 2015 were included in group A. Boys had an average age of 7.5±1.6 and 7.0±1.5 years for girls. The average body mass index (BMI) of 27.6±2.4 Kg/m^2^. During the same period, 60 obese children (30 boys and 30 girls) without sexual precocity were included in group B, with an average age of 7.6±1.8 years and average BMI of 23.1±1.9 Kg/m^2^, and 60 normal weight children (30 boys and 30 girls) were included in group C, with an average age of 7.8±1.7 years and average BMI of 16.2±2.2 Kg/m^2^. There were no significant differences in gender and age among the three groups (P\>0.05) and there was no significant difference in BMI between groups A and B (P\>0.05). Any subjects with inherited metabolic diseases, birth defects, and other related endocrine system diseases were excluded. Obesity was defined as BMI ≥ the 95th percentile of children of the same gender and age. Sexual precocity was defined as the appearance of secondary sexual characteristics in boys \<9 years old and girls \<8 years old, or the appearance of menstruation in girls \<10 years old. B ultrasound identified an ovarian volume of \>1 ml, multiple foliculi (diameter \>4 mm), boys\' testicular volume ≥4 ml, gonadotrophin releasing hormone (GnRH) provocative test showed luteinizing hormone (LH) \>5 IU/l, and LH/follicle-stimulating hormone (FSH) \>0.6 (chemiluminescence method).

### Detection indexes

Approval for the study was obtained from the Ethics Committee of the Children\'s Hospital Affiliated to Soochow University. Written informed consent was obtained from the children\'s guardians.

Height and weight of the children were measured, the secondary sexual characteristics were diagnosed, the levels of serum HMW-adiponectin, fasting blood glucose (FPG), fasting insulin (FINS), LH peak, as well as estradiol and testosterone were detected. Height and weight were measured using the standard method 3 times, accurate to 0.1 kg and 0.1 cm, and an average was obtained. Assessment of the secondary sexual characteristics including breast, pubic hair, testis, and penile development was made with the expertise of a special pediatric endocrine doctor. Breast development was evaluated by visual examination and palpation, and pubic hair development was evaluated by visual examination. According to the Tanner staging criteria, breast development was divided into B1-B5 stage, and the more mature development was recorded in the case that the breast development of the two sides was different. Pubic hair development was divided into PH1-PH5 stage, testicular volume was determined using the Rade testis model comparison method and an average was obtained for the two sides.

### Detection methods

FINS was detected using a Siemens centuar XP chemiluminescence immunoassay analyzer (Siemens AG, Munich, Germany), FPG was detected using a Siemens ADVIA 2400 automatic biochemical analyzer (Siemens AG), and insulin resistance index was calculated as \[homeostasis model assessment of insulin resistance (HOMA-IR)\] = (FINS) × FPG/22.5. HMW-adiponectin was detected using a radio-immunity kit provided by Beijing Northern Biotechnology Research Institute (Beijing, China), and the serum antigens were detected according to the principle of homogeneous competition mechanism and balance competition method ([@b2-etm-0-0-3663]). The antigens in the samples and ^125^1-labeled antigens competitively formed immune reactions with limited specific antibodies. A high concentration of the antigen in the sample led to the labeled antigen bound to the antibody being decreased, whereas a low concentration of antigen in the sample led to the labeled antigen bound to the antibody being increased. The uncombined antigens were removed using an immune separation agent and the radioactivity of the compound was detected. The binding capacity of the labeled antigen was in a functional relationship with the antigen in the sample, thus, the concentration of the antigen in the sample could be determined through mathematical formulae.

LH peak was detected using the GnRH excitation test, GnRH \[name: gonadorelin, batch no. H10960064; provided by BBCA Pharmaceutical Co., Ltd (Anhui, China)\], 2.5--3 µg/kg, maximum of 100 µg, and serum specimen were collected 30, 45, 60 and 90 min after injection and LH peak was detected.

The LH, estradiol and testosterone levels were detected using chemiluminescence. The LH ELISA kit (St. Louis, MO, USA; catalog no. SE120071), estradiol ELISA kit (Fitzgerald, NY, USA; catalog no. 55R-IB79301), and testosterone ELISA kit (Biovision, NY, USA; catalog no. K7417-100) were used to detect the levels of these hormones. Details steps were carried out according to the manufacturer\'s protocol.

### Statistical analysis

SPSS 19.0 statistical software (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. Measurement data were presented as mean ± standard deviation and the group comparison was made using analysis of variance. Countable data were expressed as a percentage (%) and the group comparison was made using the χ^2^ test. A correlation analysis was performed using the Pearson correlation analysis. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Comparison of HMW-adiponectin and insulin resistance index

The HMW-adiponectin level of group A was the lowest and that of group C was the highest, and the difference was statistically significant (P\<0.05). The insulin resistance index of group A was significantly higher than that of group B, and group B was higher than that of group C, with the differences being statistically significant (P\<0.05). The subgroup analysis revealed that the above analysis was more significant in girls ([Table I](#tI-etm-0-0-3663){ref-type="table"}).

### Comparison of LH peak, estradiol and testosterone levels

The LH peak value and testosterone levels of group A were the lowest and those of group C were the highest, with the difference being statistically significant (P\<0.05). The estradiol level of group A was significantly higher than that of group B, and group B was higher than that of group C, with the difference being statistically significant (P\<0.05). The subgroup analysis revealed that the above differences were more significant in girls ([Table II](#tII-etm-0-0-3663){ref-type="table"}).

### Correlation analysis

The Pearson correlation analysis of group A revealed that the level of HMW-adiponectin was negatively correlated with HOMA-IR (r=0.532, P\<0.001) and estradiol (r=0.326, P=0.035), positively correlated with LH peak r=0.425, P=0.019), but not significantly correlated with the testosterone level.

Discussion
==========

Previous findings have indicated that sexual precocity is affected by environmental and genetic factors ([@b5-etm-0-0-3663]). Obesity may be a major factor that causes the activation of sexual initiation, especially in girls ([@b6-etm-0-0-3663]). Obesity may directly stimulate secretion of the hypothalamus GnRH and result in central precocious puberty ([@b7-etm-0-0-3663]). It was previously suggested that adolescent obese girls\' LH secretion pulse frequency and peak were significantly lower than those of normal weight girls ([@b8-etm-0-0-3663]). Lee *et al* ([@b9-etm-0-0-3663]) also suggested that LH stimulation peak in boys with sexual precocity was negatively correlated with BMI. However, in another study, the results showed that the high BMI value of girls with sexual precocity was correlated with pubic hair, armpit hair anticipation and advanced bone age, but not correlated with the LH/FSH ratio ([@b10-etm-0-0-3663]). At present, the specific mechanism regarding the manner in which obesity regulates sexual precocity remains to be clarified.

Previous findings suggested that there was insulin resistance in children with armpit hair anticipation ([@b11-etm-0-0-3663]). Insulin resistance can lead to a glucose utilization disorder and result in hyperlipidemia, high blood pressure, abnormal body fat distribution, atherosclerosis, coronary heart disease and other metabolic disorders ([@b11-etm-0-0-3663]). GnRH analogues can negatively feedback the regulation mechanism and inhibit the secretion of gonadal hormone, retarding linear growth and greatly improving the final adult height ([@b12-etm-0-0-3663]). Follow up showed that GnRH analogues may lead to insulin resistance and imbalanced body fat distribution ([@b13-etm-0-0-3663]). At present, whether there is insulin resistance in children with precocious puberty remains to be determined. The results of the present study have shown that the HMW-adiponectin level of obese children with sexual precocity was significantly lower than that of the normal weight children. HOMA-IR and estradiol levels were significantly increased while LH peak and testosterone levels were significantly reduced, and these differences were statistically significant. The Pearson correlation analysis revealed that the HMW-adiponectin level was negatively correlated with HOMA-IR and estradiol and positively correlated with LH peak, indicating sexual precocity of obese children may be associated with insulin resistance, and HMW-adiponectin may serve as a connection.

HMW-adiponectin is an important cytokine secreted by adipose cells and is important in the pathogenesis of metabolic syndrome ([@b14-etm-0-0-3663]). Adiponectin can regulate glucose and lipid metabolism, increase insulin, inhibit glycogenesis, anti-inflammation and protect blood vessels. Adiponectin can control the hypothalamus to decrease appetite and resist obesity, and increase insulin secretion and regulate the sensitivity of insulin in the target tissue. The study by Boyraz *et al* ([@b15-etm-0-0-3663]) showed that adiponectin level in obese children was significantly lower than that of normal-weight children of the same age. The mechanisms of adiponectin meditation in sexual precocity may be: i) Different from leptin, adiponectin was a peripheral cytokine. Reduced adiponectin levels can block energy utilization in the peripheral tissues; at this time, the central system would begin to consume the remaining energy ([@b16-etm-0-0-3663]). ii) The reduction of adiponectin and the accumulation of central system energy in turn can directly stimulate the secretion of gonadotropin releasing hormone and gonadotropin; in the model of rats, adiponectin receptors were observed in the hypothalamic neurons and pituitary gonadotropin releasing substances that caused kisspeptin. Adiponectin can accelerate the frequency of gonadotropin-releasing hormone and directly stimulate the release of progesterone and follicle hormones ([@b17-etm-0-0-3663]).

In addition, the subgroup analysis revealed that the above differences were more significant in girls than boys. The obesity of girls may be more closely associated with sexual hormone disturbance and obese girls were more prone to precocious puberty, whereas obese boys, due to their significantly reduced testosterone levels, may experience precocious puberty ([@b18-etm-0-0-3663]). In conclusion, the sexual precocity of obese children may be associated with insulin resistance, and HMW-adiponectin may serve as a link.
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###### 

Comparison of HMW-adiponectin and insulin resistance index.

            HMW-adiponectin (µg/ml)   Insulin resistance index                                 
  --------- ------------------------- -------------------------- --------- --------- --------- ---------
  A         2.8±2.6                   2.7±1.5                    2.9±1.2   1.7±0.4   2.1±0.5   1.5±0.3
  B         3.4±2.8                   3.5±1.7                    3.3±1.9   1.3±0.3   1.8±0.3   1.2±0.2
  C         3.9±2.3                   4.3±2.5                    3.6±2.2   0.8±0.2   0.7±0.1   0.8±0.3
  F-value   4.562                     5.326                      4.687     4.725     5.521     4.836
  P-value   0.039                     0.028                      0.036     0.033     0.022     0.031

Group A, obese children with sexual precocity; group B, obese children without sexual precocity; group C, normal weight children. HMW, high-molecular weight.

###### 

Comparison of LH peak, estradiol and testosterone levels.

                       LH peak (mIU/ml)   Estradiol (pg/ml)   Testosterone (ng/ml)                           
  --------- ---------- ------------------ ------------------- ---------------------- ----------- ----------- -----------
  A         5.5±2.3    50.2±12.2          83.5±18.9           35.2±10.4              0.19±0.03   0.04±0.01   0.69±0.15
  B         8.7±2.9    37.8±9.6           52.6±15.4           23.3±12.3              0.32±0.05   0.13±0.06   0.74±0.16
  C         13.2±3.5   26.3±8.3           37.5±10.3           15.4±8.5               0.45±0.06   0.26±0.09   0.88±0.13
  F-value   6.302      6.325              6.423               5.967                  6.925       7.421       6.123
  P-value   \<0.001    \<0.001            \<0.001             \<0.001                \<0.001     \<0.001     \<0.001

Group A, obese children with sexual precocity; group B, obese children without sexual precocity; group C, normal weight children. LH, luteinizing hormone.
